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regression of plaque volume. 1-4 IVUS studies of progressionregression of coronary atherosclerosis have been limited by the fact that plaque progression-regression on imaging is a surrogate endpoint. It is important to investigate whether the surrogate endpoint (ie, imaging) predicts future cardiovascular events. Previous IVUS studies have shown that the burden of coronary atherosclerosis and its progression is associated with an increased risk of adverse cardiovascular events in patients with stable coronary artery disease (CAD). 5 In the arena of acute coronary syndrome (ACS), the ESTABLISH study 6 and its extension study 7 revealed that intensive lipid-lowering therapy with statins resulted in coronary plaque regression, which was associated with a lower incidence of cardiovascular events. Therefore, it may be extrapolated that plaque regression measured by volumetric IVUS should be associated with a reduced cardiovascular event risk. However, these studies compared the change in plaque volume of a statin treatment group vs. a control group. There is a possibility that the statin itself contributed to the improved outcome because most cases of plaque reduction were associated with statin administration. Because of the absence of clear evidence from a randomized study, there needs to be an investigation of whether there is a direct relationship between a change in plaque and outcomes under statin administration during the examination period.
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The JAPAN-ACS study 8, 9 did not have a placebo arm; all patients were administered intensive statin treatment. To verify a direct relationship between coronary plaque volume and cardiovascular events of ACS patients in a multicenter setting, we conducted a long-term follow-up of the JAPAN-ACS study. In addition, we explored the factors that may influence cardiovascular events.
Methods

Study Design
The Extended JAPAN-ACS study was designed to evaluate the long-term clinical outcomes of patients in the JAPAN-ACS study, 8,9 which showed that administration of pitavastatin or atorvastatin in patients with ACS resulted in equivalent significant regression of coronary plaque volume. Patients who had measurable IVUS data at both enrollment and follow-up in the JAPAN-ACS study were enrolled in the extended study. The patients were observed for at least 3 years from the final visit of the JAPAN-ACS study (Figure 1) . Data from blood analysis for lipid levels and inflammatory markers were obtained at the final observation in each participating center on a regular basis.
The Extended JAPAN-ACS study was conducted according to the "Declaration of Helsinki", and with the approval of the institutional review boards of all 32 participating institutions. Written informed consent to participate was given by all of the patients enrolled at the start of the JAPAN-ACS study, and participation in the Extended JAPAN-ACS study was endorsed by each patient. This study was registered at ClinicalTrials.gov (NCT01223586).
Endpoints
The primary endpoint was the time to first occurrence of a major cardiovascular event, defined as cardiovascular death, nonfatal myocardial infarction (MI), nonfatal cerebral infarction (CI) or unstable angina (UA) requiring emergency hospitalization.
Secondary endpoints were defined as follows: (1) cardiovascular composite events (cardiovascular death, nonfatal MI, nonfatal CI, UA requiring emergency hospitalization or ischemicdriven coronary revascularization); (2) coronary heart disease composite events (coronary heart disease death, nonfatal MI, UA requiring emergency hospitalization or ischemic-driven coronary revascularization); (3) cerebrovascular composite events (fatal and nonfatal stroke, transient ischemic attack (TIA) requiring hospitalization); (4) revascularization; (5) ischemicdriven revascularization; (6) hospitalization for heart failure; (7) operation for or rupture of aortic aneurysm; (8) revascularization for peripheral arterial disease (PAD); (9) carotid artery stenting (CAS) or carotid endarterectomy (CEA); (10) aortic dissection; (11) new occurrence of malignant tumor; and (11) all-cause mortality.
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major adverse cardiac events.
IVUS Parameters
Details of the IVUS procedure and examination are documented elsewhere. 9 The percent change in plaque volume (PV) was calculated as follows:
Coronary PV was calculated as the sum of the differences between the external elastic membrane (EEM) cross-sectional area and the lumen cross-sectional area across all evaluated frames as:
Percent PV (%PV) was calculated using the following formula:
Normalized PV (NPV) was calculated as:
where LMED = median value of observed length in all subjects and LMEASURED = observed length for each plaque.
Statistical Analysis
Following the descriptive statistics, comparisons of continuous variables between the 2 groups were performed using a 2-sample t-test or Wilcoxon's rank sum test, and those between the parameters at baseline and follow-up were performed by 1-sample t-tests or Wilcoxon's signed rank test according to their distributions. Comparisons of categorical variables between the 2 groups were performed by the chisquare and Fisher's exact tests where appropriate. Cumulative incidence for clinical outcome was estimated by the KaplanMeier method, and differences were assessed with the logrank test.
A Cox proportional hazard model was used to identify independent risk factors. Baseline characteristics, laboratory data and IVUS parameters were examined as potential independent variables (Tables 1,2). Continuous variables were dichotomized by median value. Because diabetes was the strongest predictor of coronary plaque regression in the JAPAN-ACS study, 10 we predetermined to include diabetes in the multivariate Cox proportional hazard model.
The significance level was set at 5% for the 2-sided test (and 2.5% for the 1-sided test). All analyses were conducted by an independent statistician (T. Morimoto) with the use of JMP ver.9.0.1 and SAS software version 9.2 (SAS Institute Inc, Cary, NC, USA).
Results
Baseline Characteristics of the Patients
The disposition of the patients in the present study is shown in Figure 2 . Among the 252 patients in the JAPAN-ACS cohort, we could not obtain consent from 6 patients, and 8 patients were lost to follow up, so a total of 238 patients comprised the Extended JAPAN-ACS cohort. Participants were divided into a lesser coronary plaque regression group or a greater regression group based on the percent change in PV in the JAPAN-ACS study. The median value of the percent change in PV, −18.03%, was used as a cutoff point. The median follow-up time to the primary endpoint (intraquartile range) was 3.7 (3.5-4.1) years in the lesser regression group and 3.8 (3.5-4.0) years in the greater regression group.
Baseline characteristics of the lesser and greater regression groups (each n=119) are presented in Table 1 . Diabetic patients were included more frequently in the lesser regression group than in the greater regression group (P=0.010). There was no significant difference between groups for the other baseline characteristics. Mean age was 64 years, 82% of patients were men and 64% were hypertensive; 63% of patients had ST-elevation ACS, and drug-eluting stents were implanted in 33% and bare-metal stents in 66%.
Laboratory Data and IVUS Parameters
Mean serum level of low-density lipoprotein cholesterol (LDL-C) was 82.5±25.7 mg/dl and 47.8±12.2 mg/dl for high-density lipoprotein cholesterol (HDL-C). Systolic blood pressure was 128.4±17.9 mmHg and diastolic blood pressure was 73.5± 12.3 mmHg at the start of the present study. There was no significant difference in the laboratory data between the lesser and greater regression groups ( Table 2) . Laboratory data at final follow-up are summarized in Table S1 . The relationship between LDL-C or HDL-C and %PV was also examined.
There is no significant correlation between LDL-C or HDL-C and PV. Values for PV, %PV, NPV, EEM volume in the greater regression group were siginificantly smaller than those in the lesser regression group. The percent or nominal change of PV, %PV, NPV, EEM volume in the greater regression group were significantly larger than those in the lesser regression group.
On the other hand, there was no significant difference between the 2 groups in lumen volume and its % change ( Table 2) .
Clinical Outcomes (Table 3)
There were 4 primary events (3.4%) in the lesser regression group, and 2 (1.7%) in the greater regression group (P=0.4). For the secondary endpoints, cardiovascular composite events occurred in 9 patients (7.6%) in the lesser regression group, and in 5 patients (4.2%) in the greater regression group. The %PV was similar in both groups who did or did not develop adverse events. The incidence of cumulative secondary cardiovascular composite events did not differ between the 2 groups (Figure 3) . We also compared the incidence of cardiovascular HR, hazard ratio; CI, confidence interval; HDL-C, high-density lipoprotein-cholesterol; EEM, external elastic membrane. Extended JAPAN-ACS Study: Plaque Regression and Outcomes events between patients assigned to atorvastatin vs. pitavastatin at enrollment in the JAPAN-ACS study. There was no significant difference between the 2 statin groups in all patients and the high-adherence group ( Figure S1) . A total of 8 other adverse events were reported, including myalgia, edema and gastric ulcer; however, none of these adverse events was lifethreatening.
Factors Associated With Cardiovascular Events
Factors associated with cardiovascular events were explored. Univariable analysis revealed that factors affected on cardiovascular events were HDL-C level and % change in EEM volume at the start of the Extended JAPAN-ACS study. The multivariable Cox hazard model also identified HDL-C level and % change in EEM volume as independent variables ( Table 4) . Patients were then divided into 2 groups according to the median value of HDL-C level and % change in EEM volume, respectively, and the incidence of cumulative secondary cardiovascular composite events was compared. Patients with a higher HDL-C level (≥46 mg/dl) and greater EEM volume regression (<−6.56%) had a significantly lower incidence of cumulative events than their counterparts (P=0.017, P=0.021, respectively; Figure 4 ).
Discussion
We found that coronary plaque regression induced by an intensive statin regimen could not predict future cardiovascular events in ACS patients. It was also concluded that baseline HDL-C level and the presence of reverse vessel remodeling might serve as predictors for cardiovascular events. This insight was different from the result of the Extended-ESTABLISH study, 7 which reported a significant correlation between plaque regression and cardiovascular events. We consider that study designs are responsible for this discrepancy, because the Extended-ESTABLISH study had a placebo arm whereas all patients were under intensive statin therapy in the current study. The fact that PV regression was observed in almost 88% of patients in the present study might mask the relationship between plaque regression and cardiovascular events. This result was consistent with the lack of correlation between the reduction in LDL-C and the regression of PV in the JAPAN-ACS study, 9 in contrast to the ESTABLISH study. 6 Furthermore, these results are not unexpected given that the event rate observed in the extended JAPAN-ACS was exceedingly low, in fact almost 70% lower than the event rate of the Extended-ESTABLISH. This result may be a consequence of the method of statin use; in JAPAN-ACS during the trial period all patients were treated with a statin, whereas in the ESTABLISH study the control group participants received no statin therapy until 6 months into the study period. These findings suggest that intensive lipid-lowering therapy with statin achieves a favorable clinical outcome in high-risk patients.
Nicholls et al also documented a direct relationship between coronary plaque progression and future cardiovascular events in the setting of stable CAD. 5 One of the potential reasons for the inconsistency with our data might be the difference in clinical presentation (ACS vs. stable CAD). It was also possible there were genetic, racial or ethnic differences. In addition, a different IVUS procedure and examination may cause the inconsistency. We evaluated a single plaque in the culprit vessel whereas Nicholls et al observed the whole of a non-culprit coronary artery.
The present study also determined that the baseline HDL-C level and the presence of reverse vessel remodeling might serve as predictors for cardiovascular events. Under intensive statin therapy, so-called 'residual risk' might be exposed. Barter et al documented that HDL-C levels were predictive of major cardiovascular events in patients with LDL-C level <70 mg/dl. 11 Huxley et al reported from a meta-analysis that isolated low levels of HDL-C were associated with an increased risk of coronary heart disease. 12 The present data would support the strategy of increasing the HDL-C level of ACS patients in addition to intensive statin therapy.
Atherosclerosis influences vessel wall remodeling, with atherosclerotic plaque initially growing within an outwardly expanding vessel wall (positive remodeling). It is known that positive remodeling and larger vulnerable plaque areas are associated with ACS. 13, 14 Using integrated backscatter-IVUS (IB-IVUS), Takeuchi et al reported that positive remodeling lesions contain more lipid-rich and less hard plaque components than non-positive remodeling lesions. 15 Ko et al also reported that vessel size was the most important independent predictor of lipid content by multivariate regression analysis. 16 In addition, Hattori et al recently documented that pitavastatin 4 mg/day induced favorable morphologic changes in plaque, with an increase in fibrous cap thickness, assessed by IB-IVUS and optical coherence tomography in patients with stable CAD. 17 These reports support that reverse vessel remodeling observed at 8-10 months after ACS onset might represent coronary plaque stabilization, and therefore could explain the better prognosis observed in the present study.
Study Limitations
Sample size might not be sufficient to validate the hypothesis. This was an inherent weakness of the design of the present study. In addition, the numbers of cardiovascular events were smaller than expected, especially stroke. We could not exclude the possibility that patients whose consent was not obtained or who were lost to follow-up might have experienced a cardiovascular event; however, the complete follow-up rate was relatively high (94.4%, 238/252). Patients' characteristics or conditions could provide alternative explanations. Relatively younger (average 64 years) patients who have been under concomitant medications such as statins, antiplatelet agents or antihypertensive drugs may have a lower incidence of cardiovascular events. It was reported that the rate of coronary death in Japan was almost one-quarter of that in northern Europe and in America. 18 This finding was supported by the REACH registry, which demonstrated that Japanese patients are at low risk for cardiovascular death, MI, or stroke compared with other regions and the relative risk reduction rate was 30% for Japanese during a 4-year follow-up. 19 In addition, recent clinical trials had fewer cardiovascular events than expected (annual rate of 2.5% in the placebo group), because statins were the standard treatment in Western countries. 20 Taken together, a further large-scale study based on precise sample size calculation is needed to clarify the results of the current study. In addition, it is possible that 3.5 years is too short to detect significant differences in cardiovascular events between plaque regression and progression, especially when all patients were treated by statins.
In conclusion, this study demonstrated that the baseline HDL-C level and the presence of reverse vessel remodeling, but not coronary plaque regression, may predict future cardiovascular events in ACS patients under intensive statin therapy. Strategies to increase HDL-C or to stabilize coronary plaque, in addition to intensive statin therapy, might provide a better prognosis for Japanese ACS patients.
